






















































































































































































































































































































































































































































































































































































































































































































































Observed Lake Malawi Levels
Modelled Lake Malawi Levels
Goodness of fit statistic Performance
Coefficient of Determination (R2) 0.81
Nash Sutcliffe Efficiency Coefficient 0.77
Percent Bias -0.01
RMSE 0.34
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Figure	7	-	Climate	change	impacts	on	Lake	Malawi	levels	based	on	future	climate	projections	from	29	bias-
corrected	CMIP5	models.	471.5	masl	(marked	by	grey	line)	indicates	the	LMOT,	while	coloured	lines	indicate	
lake	levels	for	different	model	projections.	
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Tables	
Table	1	–	Formulation	of	Lake	Malawi	as	a	reservoir:	Rationale	and	assumptions	
Reservoir	
formulation	in	
WEAP	
Rationale	
Reservoir	extent	 The	Kamuzu	barrage	functions	as	a	dam,	and	the	reservoir	extends	
upstream	of	the	Kamuzu	barrage.	This	includes	Lake	Malawi,	Lake	Malombe	
(Figure	1),	and	a	part	of	the	Upper	Shire	basin.	We	assume	this	to	simplify	
reservoir	formulation	and	to	also	reflect	the	hydrological	connectivity	of	the	
Lake	Malawi,	Lake	Malombe	and	the	river	section	upstream	of	the	barrage.	
Lake	levels	from	
460	to	481	masl	
The	lake	levels	over	the	past	~200	years	have	fluctuated	between	these	
levels,	so	for	the	timescale	of	this	analysis	(multi-decadal)	this	range	is	
considered	suitable.	Reservoir	storage	volume	starts	at	0	km3	at	460	masl,	
and	linearly	increases	to	646.8	km3	at	481	masl.	The	upgraded	barrage	can	
regulate	lake	levels	up	to	477masl.	When	lake	levels	exceed	this	level	there	
is	overtopping.		
Volume	elevation	
curve		
In	the	absence	of	an	observed	relationship	we	use	a	linear	relationship	
consistent	with	observations	developed	by	Lyons	et	al.	(2011)	to	estimate	
lake	volumes	at	different	lake	levels.	
Loss	to	
groundwater	
Groundwater	recharge	component	in	the	lake	water	balance	is	neglected	
due	to	lack	of	observations	(see	also	Kumambala	and	Ervine,	2010)		
Maximum	
hydraulic	outflow	
from	the	Kamuzu	
barrage	(cumecs)	
Based	on	observed	discharge	(releases)	at	Kamuzu	barrage,	three	periods	
with	different	characteristics	are	used.	From	1960-1993	monthly	maximum	
hydraulic	outflow	ranges	from	575	in	September	to	735	in	March.	From	
1994-2002,	outflow	is	restricted	to	200,	while	from	2003-2050	outflow	is	
restricted	to	375	cumecs.		
Top	of	inactive	
zone	
Inactive	zone	is	defined	at	the	LMOT	(471.5	masl	or	352.8	km3	storage).	This	
effectively	means	that	water	below	this	level	is	not	available	for	release	
from	the	barrage.		
Top	of	buffer	zone	 Water	released	when	reservoir	levels	are	in	the	buffer	zone	is	regulated	by	
the	buffer	coefficient.	We	define	the	buffer	zone	from	471.5	masl	/	352.8	
km3	to	474	masl	/	441	km3,	when	water	is	released	at	a	restricted	rate.		
Buffer	coefficient	 A	0.95	buffer	coefficient	is	used	to	restrict	flows	when	water	levels	are	in	
the	buffer	zone.	This	marginal	restriction	is	assumed	to	reflect	to	some	
extent	the	changed	priority	of	maintaining	lake	levels	that	emerged	after	
low	Lake	Malawi	levels	in	1993.	
Maximum	lake	
level	
We	use	475	masl	/	470.4	km3	as	the	maximum	level	because	above	this,	
levels	are	high	enough	to	cause	potential	floods	around	the	lake,	reflecting	
the	concerns	of	stakeholders	regarding	extensive	flooding	as	seen	during	
the	1979-80	period.	
	
	
